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N A S A  T T  F - 11 ,520  

DETERMINATION OF PARAMETERS OF PJOCTI LUCENT 
CLOUDS SURVEYED I N  1964 

M .  I. B u r o v  

ABSTRACT:  The paper  p r e s e n t s  t h e  t h e o r e t i c a l  
b a s i s  o f  a s t e r e o p h o t o . g r w l l m e t r i c a 2  s u r v e y  o f  
n o c t i Z u c e n t  c l o u d s .  It d e s c r i b e s  t h e  methods 
o f  s u r v e y i n g  used  i n  1 9 6 4  and g i v e s  t h e  r e s u l t s  
o f  t h e  a n a l y s i s  o f  t h e  p h o t o s  o b t a i n e d .  

At the present time, the attention of many scientist in dif- /331’5 
ferent countries of the world has been drawn to the question of the 
study of noctilucent clouds. This is understandable, since data 
from observations of noctilucent clouds allow study of the dynamics 
of the upper atmosphere. Moreover, a disclosure of the laws of for- 
mation of noctilucent clouds can help in investigating many physical 
processes. 

In that connection, information on definite spatial coordinates 
of noctilucent clouds or of an entire cloud formation, as well as 
its individual details, can help in a solution of the general prob- 
lem of noctilucent clouds. Taking specific peculiarities of nocti- 
lucent clouds into consideration, a solution of the problem is pos- 
sible only with the use of the photogrammetrical methods which are 
widely used for mapping the terrestial surface. 

T H E O R E T I C A L  B A S I S  O F  T H E  M E T H O D  

A solution to the problem can be found by two methods: photo- 
grammetrical and stereophotogrammetrical. In the first case, the 
coordinates of the photographic images, derived from a certain base, 
are measured separately. With the measured coordinates, a calcula- 
tion of horizontal and vertical angles at certain points is fol- 
lowed by a determination of direct intersection on the terrestial 
surface, as if taken from beyond the sphere. F o r  derivation of the 
third coordinate - the height of a relatively level surface - trig- 
onometric leveling formulas are used, applied to the case of great 
distances. Such a method was used by the author of this article 
in a study of the heights of noctilucent clouds in 1958, during the 
I G Y .  

In the second case, we are also concerned with direct inter- 
section, but a measurement of the coordinates of the points from 
where the picture is taken and of the longitudinal parallaxes 

$* Numbers in the margin indicate pagination in the foreign text. 
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i s  p r o d u c e d  j o i n t l y  on s t e r e o c o m p a r a t o r s  w i t h  t h e  u s e  o f  a s t e r e o -  
s c o p i c  e f f e c t .  One c a n  t h e n  m e a s u r e  w i t h  g r e a t  a c c u r a c y  t h e  a n g l e  
o f  p a r a l l a x  a t  a c e r t a i n  p o i n t ,  wh ich  i n  l i n e a r  m e a s u r e m e n t ,  a s  
shown p r e v i o u s l y ,  i s  c a l l e d  l o n g i t u d i n a l  p a r a l l a x .  

T h i s  me thod  h a s  i n d u b i t a b l e  s u p e r i o r i t y  i n  c o m p a r i s o n  w i t h  t h e  
f i r s t :  t h e  p i c t u r e  c a n  b e  t a k e n  f r o m  s h o r t  b a s e s ,  a n d  i t  i s  p o s -  
s i b l e  t o  o b t a i n  a c c u r a t e  i d e n t i f i c a t i o n  o f  t h e  same p o i n t s  i n  a 
p a i r  o f  i m a g e s ,  e v e n  i n  s u c h  u n d e f i n e d  o b j e c t s  as  t h e  n o c t i l u c e n t  
c l o u d s  a p p e a r  t o  b e .  

* With  t h e  s t e r e o p h o t o g r a m m e t r i c a l  me thod  a n d  r e c t a n g u l a r  s p a t i a l  
c o o r d i n a t e s ,  t h e  f o l l o w i n g  s y s t e m  i s  u s e d :  The s u r v e y i n g  camera 
u s e s  t h e  f o r e m o s t  p o i n t  o f  j u n c t u r e  o f  t h e  o b j e c t  as  t h e  o r i g i n  o f  / 3 4  
t h e  c o o r d i n a t e s .  A x i s  Y c o i n c i d e s  w i t h  t h e  o p t i c a l  a x i s :  a x i s  X 
i s  p l a c e d  on t h e  p l a n e  o f  t h e  h o r i z o n  o f  t h e  l e f t  s t a n d p o i n t  p e r -  
p e n d i c u l a r  t o  t h e  f i r s t  a x i s ,  a n d  t h e  a x i s  Z r u n s  v e r t i c a l l y  u p w a r d .  

- 

I n  t h i s  c a s e ,  t h e  f o l l o w i n g  r e l a t e  t o  e l e m e n t s  o f  o r i e n t a t i o n :  
a )  S i x  e l e m e n t s  o f  i n t e r n a l  o r i e n t a t i o n  - 

d e t e r m i n i n g  t h e  o r i g i n  o f  t h e  c o o r d i n a t e s  o f  t h e  l e f t  a n d  r i g h t  i m -  
a g e s  o f  t h e  s t e r e o  p h o t o g r a p h ;  

b )  The g e o d e s i c  c o o r d i n a t e s  o f  t h e  l e f t  e n d  o f  t h e  b a s e  a r e  - 

c >  The s u r v e y i n g  b a s e  b a n d  i t s  a z i m u t h  A ;  
d )  The s l o p e  a n g l e s  o f  t h e  o p t i c a l  a x e s  o f  t h e  c a m e r a s  w z  a n d  

w ;  r e )  The a n g l e  o f  d e v i a t i o n  o f  t h e  o p t i c a l  a x e s  f rom t h e  n o r m a l  
t o  t h e  b a s e  - 

f) The a n g l e  o f  c o n v e r g e n c e  o r  d i v e r g e n c e  o f  t h e  o p t i c a l  a x e s -  

Y = 4r - 42;  

g )  
h )  The o v e r l a p  o f  t h e  e n d s  o f  t h e  b a s e  Ah. 

The a n g l e s  o f  t i l t  K Z ,  K ~ ,  w h i c h  u s u a l l y  t e n d  t o w a r d  z e r o ;  

The s i m p l e s t  r e l a t i o n s h i p s  b e t w e e n  t h e  s p a t i a l  c o o r d i n a t e s  o f  
t h e  p o i n t s  o f  t h e  p h o t o g r a p h e d  o b j e c t  a n d  t h e  c o o r d i n a t e s  o f  t h e i r  
p e r s p e c t i v e  i m a g e s  w o u l d  o c c u r  when t h e  a n g l e s  4 - = O o  a n d  

= O o .  I n  t h e  t h e o r y  o f  t e r r e s t r i a l  s t e r e o p h o t o g r a m m e t r i c a l  2 p o t o g r a p h y  = t h i s  c a s e  i s  c a l l e d  " n o r m a l "  a n d  c o r r e l a t i o n  o f  t h e  
c o o r d i n a t e s  i s  e x p r e s s e d  i n  t h e  f o l l o w i n g  m a n n e r :  

2 - % 
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However ,  i n  t h e  p r a c t i c e  o f  p h o t o g r a p h i n g  n o c t i l u c e n t  c l o u d s  
a g e n e r a l  c a se  c a n  a l s o  b e  e n c o u n t e r e d .  The c o r r e l a t i o n s  o f  t h e  
c o o r ' d i n a t e s  w i l l  t h e n  h a v e  t h e  f o r m :  

(ban - a h x r s i n w )  ( f cosw - z s i n w ) ,  2 Y =  m 

(b,n - ~ h x , s i n w )  
m x Z '  x =  ( 3 )  

w h e r e  

n x r s i n ( +  + y ) c o s w  + f($ + y), 

m f 2 s i n y c o s w  - z f s i n y s i n w  + f x z c o s y  - fx ?? ( c o s y c o s 2 w  + s i n 2 w )  + 2 
x z s i n w c o s w ( c o s y  - 1) + x x s i n y c o s w .  r Z  Z r  

T h e s e  f o r m u l a s  c a n  g i v e  a d e f i n i t e  v a l u e  f o r  t h e  s p a t i a l  c o -  
o r d i n a t e s  when t h e  s u r f a c e  on w h i c h  t h e  c a m e r a  b a s e  w i l l  s t a n d  i s  
a p l a n e .  Bu t  i n  t h e  p h o t o g r a p h y  o f  n o c t i l u c e n t  c l o u d s  t h e  s u r f a c e  

b a s e  may r e a c h  a n  o r d e r  o f  m a g n i t u d e  o f  5 0 - 1 0 0  k m . ,  w h i l e  t h e r e  
a r e  h u n d r e d s  o f  k i l o m e t e r s  b e t w e e n  t h e  s t a n d p o i n t  a n d  t h e  p o i n t s  
b e i n g  m e a s u r e d .  

/ 3 5  o f  t h e  E a r t h  w i l l  d i f f e r  g r e a t l y  f r o m  a p l a n e  s u r f a c e ,  a n d  t h e  - 

I n  t h i s  c a se ,  we m u s t  a n a l y z e  t h e  w r i t t e n  f o r m u l a s  w i t h  t h e  
a i m  o f  f i n d i n g  a p o s s i b i l i t y  o f  u s i n g  them i n  o u r  s t u d y .  

We w i l l  p e r f o r m  t h e  g i v e n  a n a l y s i s  u s i n g  t h e  e x a m p l e  o f  t h e  
s o l u t i o n  o f  t h e  f o r m u l a s  o f  t h e  n o r m a l  c a s e ,  a n d  u s i n g  g e o m e t r i c  
s t r u c t u r e s  f o r  t h e  p u r p o s e ,  a s  s e e n  i n  F i g u r e  1. 

We w i l l  t a k e  t h e  p o i n t  L as  t h e  l e f t  e n d  o f  t h e  b a s e  a n d  t h e  
p o i n t  R '  as t h e  r i g h t .  B o t h  o f  t h e s e  p o i n t s  a r e  l o c a t e d  on  t h e  
E a r t h ' s  s u r f a c e ,  w i t h  a n  a v e r a g e  r a d i u s  o f  c u r v a t u r e  R .  The d i s -  
t a n c e  b e t w e e n  t h e s e  p o i n t s  i s  e q u a l  t o  t h e  a r c  o f  t h e  c i r c u m f e r e n c e  
b y  m e a s u r e d  by  t h e  c e n t r a l  a n g l e  y ' .  

L e t  a s i m u l t a n e o u s  p h o t o g r a p h i n g  o f  a c e r t a i n  p o i n t  
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Fi 

in the noctilucent cloud be carried out with the cameras from these 
points; the focal distances of the cameras are equal. Let us call 
the images of this point on the photographs nz and n r .  We will take 

K Z  = K p  = 0 .  
to the normal base plane L C R ' .  To determine the spatial coordinates 
of the point N let us take point L as the origin of the coordinates. 
Then the direction of the optical axis will coincide with the dir- 
ection of axis Y ,  while axis X will be tangent to arc b at point L .  
Axis 2 will go in the direction of normal line L C .  Axes Y and X 
are 'located on the plane of the horizon of point L .  
the coordinates of point n 

=o , - the elements of orientation as being equal: ($z - 0 ,  w z  = w 
Hence, the optical angles of the cameras are normaf 

We will call / 3 6  - 
2' on the left photograph xz and z z 

In order to find the relationship between the coordinates X 
2 and x z Z ,  let us do the following constructions. We wi$; y Z  draw korizonEi1 plane 0 2  through point L .  

draw normal line N C .  We will call the point of intersection of that 
line with plane G , N ' o ,  while the point of intersection with the 

F ~ o m  point N we will 

surface of the s p  k ere will be called N o .  

Obviously, the intersection of perpendicular line N C  with 
0 2  will not form a right angle. Let us draw plane Q through p 

I -11 . l-l__--- ---- -_ 

I 
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Fig. 1. Geometric Principle of Stereophotogrammetrical Inters 
in Photographing Noctilucent Clouds. 
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N s o  t h a t  t h e  l a t t e r  i s  p e r p e n d i c u l a r  t o  p l a n e  a a n d  p a r a l l e l  t o  
t h e  n o r m a l  b a s e  p l a n e  L C R ' .  From p o i n t  N l e t  u s  d r o p  p e r p e n d i c u l a r  
N N '  t o  p l a n e  a z .  Through  l i n e  o f  LC a n d  n o r m a l  a x i s  Y l e t  u s  draw 

t h e i r  b a s e s  N '  a n d  N f f Z ,  r e s p e c t i v e l y .  Then  s e g m e n t  E N f Z  = Yi, s e g -  
ment  N f Z N '  = X 
o f  t h e  r i g h t  t r i a n g l e s  L N '  N a k d  E n f Z O Z ,  a n d  a l s o  o f  t h e  t r i a n g l e s  
L N f Z N f f Z  a n d  L O Z n f f z ,  i t  f o l f o w s  t h a t :  

z 
p l a n e  P w h i c h  i n t e r s e c t s  p l a n e s  a a n d  Q a t  r i g h t  a n g  f e s .  From 
p o i n t s  b a n d  N N ' l e t  u s  d r o p  p e r p e n  A i c u l a r s  t o  p l a n e  P a n d  c a l l  

Zz. From t h e  s i m i  a r i t y  = N ' N  = z z a n d  s e g m e n t  N '  N "  

X z = Y -  xz 
Z f  ' ( 4 )  

I n  t h e s e  e q u a t i o n s  w e  a r e  c o n c e r n e d  w i t h  t h r e e  unknowns ,  a n d  
f o r  a s o l u t i o n  o n e  mus t  h a v e  t h r e e  e q u a t i o n s  c o n n e c t i n g  e a c h  o f  
t h e s e  unknowns w i t h  a n o t h e r ,  i n d e p e n d e n t l y  o f  t h e  m e a s u r e d  v a l u e s .  
We c a n  g e t  s u c h  a n  e q u a t i o n  i f  we u s e  t h e  d a t a  f rom p h o t o g r a p h i c  
m e a s u r e m e n t s  t a k e n  f r o m  t h e  r i g h t - h a n d  s t a n d  p o i n t .  

For t h i s  p u r p o s e ,  l e t  u s  l o o k  a t  t h e  s y s t e m  o f  c o o r d i n a t e s  of  
t h e  r i g h t - h a n d  p h o t o g r a p h .  J u s t  a s  f o r  t h e  l e f t  p o i n t ,  f o r  t h e  
d i r e c t i o n  o f  a x i s  Y f f r  l e t  u s  t a k e  o p t i c a l  a x i s  O p R ' ,  w h i c h  i s  as-  
sumed p a r a l l e l  t o  a x i s  Y z  a n d  l i e s  on t h e  p l a n e  o f  t h e  h o r i z o n  of  
t h e  r i g h t - h a n d  p h o t o g r a p h .  A x i s  X r r r  i s  a l s o  l o c a t e d  i n  t h i s  p l a n e  
a n d  i t s  d i r e c t i o n  c o i n c i d e s  w i t h  a l i n e  t a n g i e n t  t o  t h e  a r c  o f  t h e  
c i r c u m f e r e n c e  R ' bL .  The a x i s  Z r r r  r u n s  a l o n g  t h e  n o r m a l  C R ' .  The 
c o o r d i n a t i n g  a x e s  o f  t h e  r i g h t - h a n d  p h o t o g r a p h  X " y  a n d  Z r r r ,  owing 
t o  t h e  s p h e r i c i t y  o f  t h e  E a r t h ,  a r e  n o t  p a r a l l e l  t o  t h e  c o r r e s p o n d -  
i n g  a x e s  o f  t h e  l e f t - h a n d  p i c t u r e ,  b u t  a r e  t u r n e d  r e l a t i v e  t o  o n e  
a n o t h e r  by  t h e  v a l u e  o f  t h e  c e n t r a l  a n g l e  y ' .  

The c o o r d i n a t e s  o f  t h e  p o i n t  n i n  t h e  r i g h t - h a n d  p h o t o g r a p h  r a r e  r e s p e c t i v e l y  e q u a l  t o  

x' = 0 n f r r ,  z;  = Ornr IV . 
r r r  

To d e t e r m i n e  t h e  s p a t i a l  c o o r d i n a t e s  o f  p o i n t  N f r o m  t h e  o r i g i n  a t  
p o i n t  R '  l e t  u s  r o t a t e  t h e  s y s t e m  o f  c o o r d i n a t e s  X;Z: a r o u n d  t h e  
a x i s  Y: by t h e  a n g l e  y ' .  M o r e o v e r ,  l e t  u s  c a l l  t h e  new s y s t e m  o f  
s p a t i a l  c o o r d i n a t e s  Y ; , X ' , Z ' ,  a n d  t h e  s y s t e m  o f  t h e  c o o r d i n a t e s  o f  
t h e  r i g h t - h a n d  p h o t o g r a p f i  z r z p  . The p o i n t  n, i n  t h i s  new s y s t e m  
w i l l  h a v e  t h e  f o l l o w i n g  c o o r d i n a t e s :  

x = O n r  r r r  
z = 0 n".  r r r  

Now t h e  s y s t e m s  o f  t h e  c o o r d i n a t e s  o f  b o t h  p h o t o g r a p h s  w i l l  b e  mu- 
t u a l l y  p a r a l l e l .  
t h r o u g h  p o i n t  R '  a n d  a x i s  Y g ,  a n d  e x t e n d  p l a n e  Q t o  i n t e r s e c t  w i t h  

L e t  u s  t a k e  t h e  p l a n e  or p a r a l l e l  t o  p l a n e  o z  

5 



p l a n e  cs . The i n t e r s e c t i o n  o f  t h e s e  p l a n e s  i s  shown i n  F i g u r e  1 by r t h e  l i n e  N:, N i .  
p o i n t  R '  a n d  a x i s  Y;. T h i s  p l a n e  i n t e r s e c t s  t h e  n o r m a l  b a s e  p l a n e  
LCR' on t h e  l i n e  R o R ' ,  a l o n g  w h i c h  t h e  new a x i s  Z; now l i e s .  Seg-  
men t  LRo w i l l  a p p e a r  hs a p r o j e c t i o n  o f  t h e  b a s e  on t h e  p l a n e  o f  t h e  
h o r i z o n  o z .  C a l l i n g  i t  b o ,  w e  w i l l  f i n d  t h a t  

L e t  u s  draw p l a n e  P ,  p a r a l l e l  t o  p l a n e  P z  t h r o u g h  - / 3 7  

bo = R s i n y ' ,  

i t s  v a l u e  w i l l  d i f f e r  f r o m  t h e  b a s e  on t h e  t e r r e s t r i a l  s u r f a c e  b b y  
n o  mare  t h a n  1 or 2 m e t e r s .  

L e t  u s  d r o p  p e r p e n d i c u l a r s  f r o m  p o i n t  N t o  p l a n e s  cs a n d  Pr a t  

I t  f o l l o w s  f r o m  t h e  s i m i l a r i t y  o f  t h e  t r i a n g l e s  R ' N "  N " '  a n d  

r p o i n t s  N ;  a n d  N r .  

R ' O r n i ,  a n d  a l s o  o f  t h e  t r i a n g l e s  N,N$ R '  a n d  R ' O r n g  t h a q  r 

XI? 

f 
x; = Y:, - y 

We w i l l  s h i f t  t h e  o r i g i n  o f  t h e  c o o r d i n a t e s  f r o m  p o i n t  R '  t o  
p o i n t  R o ,  w i t h o u t  c h a n g i n g  d i r e c t i o n .  Then w e  w i l l  h a v e  a new s y s -  
t e m  o f  c o o r d i n a t e s  

- 
xr - 

- 
yr - 

Y;; z =  
w h e r e  

Y' AH = b tg -  + A  h .  2 

M o r e o v e r ,  on c o n d i t i o n  t h a t  w e  m a k e  Y = Yzy t h e n  r 

I t  follows f u r t h e r  f r o m  t h e  s i m i l a r i t y  o f  t h e  t r i a n g l e s  LN'N" a n d  
L n i n i  t h a t  

- xz - xr 
f XZ-X, - 

Y l  
Y 

t a k i n g  i n t o  c o n s i d e r a t i o n  t h a t  

xz - xr = b o ,  

6 



while 

we obtained 
bo 

f .  - y z . -  - P 
Substituting ( 8 )  into (4) and ( 5 1 ,  and omitting the subscript 2, we 
can write 

(10) b0 
z z  z = -  

P 
Comparing formulas ( 8 1 ,  ( 9 1 ,  and (10) with formulas ( 2 1 ,  we see 
that they are identical. From this one could conclude that formu- 
las written above for the terrestrial stereophotogrammetrical photo- 
graph under different conditions, for elements with internal orien- 
tation of the optical axes, can be used to determine spatial co- 

objects are photographed. 
/38 ordinates which are at a great distance from the point where the - 

To do this, one must rotate the systems of coordinates of the 
right-hand photograph in the stereomeasurements. First, the photo- 
graphs in the cartridges of the apparatus are oriented according 
to the corresponding lines of the horizons. Then the reading K p  

is set by the scale " K r "  , equal to the set value K~ + y f .  It is 
easy to calculate the value: 

bo 
8, 

sin y f  = - . 
Use of the formulas for a terrestrial stereophotogrammetrical photo- 
graph to determine the heights of noctilucent clouds allows us to 
find the latter only in relation to the plane of the horizon passing 
through the left-hand standpoint L. But we must know the height of 
the points in the projection on the terrestrial surface in the dir- 
ection of the normal. 

In accordance with Figure 2, the height of the point N above 
the level surface LNo will be equal to 

The segment NoNd is none other than a correction for the curvature 
of the Earth, and one can calculate it according to the formula 

The segment 
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S u b s t i t u t i n g  (13) a n d  ( 1 4 )  i n t o  ( 1 2 ) , w e  o b t a i n  

/ 3 9  - T a k i n g  r e f r a c t i o n  i n t o  c o n s i d e r a t i o n ,  o n e  c a n  w r i t e  

R ( l  - c o s , $ z )  + z H =  
z c o s  i / J  (15) 

However ,  we do  n o t  know t h e  v a l u e  o f  t h e  a n g l e  $2, s o ,  b y  u s i n g  

JIZ $i, we g e t  a n  a p p r o x i m a t e  f o r m u l a  for t h e  h e i g h t s  

w h e r e  t h e  v a l u e  o f  t h e  a n g l e  $ ' - i s  c a l c u l a t e d  a c c o r d i n g  t o  t h e  f o r -  
mu la  z 

J y 2  + x 2  
2 R  t a n  = 

I n  d e t e r m i n g  t h e  t h e o r e t i c a l  b a s i s  f o r  t h e  m e t h o d ,  w e  w i l l  
p a u s e  f o r  a moment.  

I n  t h e  n o r m a l  c a s e ,  p h o t o g r a p h s  o f  t h e  d i r e c t i o n s  o f  t h e  o p t i -  
c a l  a x e s  c o i n c i d e  w i t h  t h e  d i r e c t i o n s  o f  t h e  n o r m a l s  t o  t h e  b a s e .  
However ,  i n  o t h e r  c a s e s ,  t h e  p h o t o g r a p h s  o f  t h e  d i r e c t i o n s  o f  t h e  
o p t i c a l  a x e s  w i l l  d e v i a t e  f r o m  t h e  n o r m a l s  b y  t h e  a n g l e s  @. S i n c e  
t h e  a n g l e s  @ a r e  l o c a t e d  on t h e  c o r r e s p o n d i n g  p l a n e s  o f  t h e  h o r i z o n s  

F i g .  2 .  D iag ram o f  D e t e r m i -  
n a t i o n  o f  A b s o l u t e  H e i g h t s  
o f  N o c t i l u c e n t  C l o u d s  b y  
S t e r e o p h o t o g r a m m e t r i c a l  E l e r  
v a t o r s .  

I-.. .- -- 
F i g .  3 .  P r i n c i p a l  D iag ram o f  
Abnormal  A n g l e s  o f  I n c l i n a t i o n  
o f  t h e  R i g h t - H a n d  O p t i c a l  A x i s  
w i t h  T r a n s i t i o n  f r o m  t h e  S y s t e m  
o f  C o o r d i n a t e s  o f  t h e  R i g h t -  
Hand P h o t o g r a p h  t o  t h e  L e f t .  
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o f  t h e  l e f t  a n d  r i g h t - h a n d  s t a n d p o i n t s ,  w h i l e  t h e  l a t t e r ,  as  w a s  
n o t e d ,  a r e  n o t  p a r a l l e l  t o  e a c h  o t h e r ,  t h e n  i n  p r o j e c t i o n  o f  t h e  
a n g l e  9 f r o m  t h e  r i g h t - h a n d  p l a n e  o f  t h e  h o r i z o n  o n t o  t h e  l e f t ,  
t h e  l a t t e r  w i l l  b e  imaged  on i t  w i t h  d i s t o r t i o n .  One c a n  f i n d  t h e  
amount  o f  d i s t o r t i o n  5rom t h e  c o n s t r u c t i o n s  shown i n  F i g u r e  3 .  

Here t h e  p l a n e s  o f  t h e  h o r i z o n s  a t  t h e  p o i n t s  L a n d  R '  a r e  
c a l l e d  o ~ a n d  Or. T h e s e  p l a n e s  i n t e r s e c t  t h e  l i n e  t ' t '  a t  t h e  a n g l e  
y'. We w i l l  d r aw t h e  p l a n e  oe p a r a l l e l  t o  t h e  p l a n e  oe o n  t h e  p o i n t  
o f  i n t e r s e c t i o n  o f  t h e  C-norma l s  t o  t h e  t e r r e s t r i a l  s u r f a c e  a t  t h e  
p o i n t s  L a n d  R ' .  T h i s  p l a n e  i n t e r s e c t s  t h e  p l a n e  i n  t h e  l i n e  
ii'. The n o r m a l  b a s e  p l a n e  LCR' i n t e r s e c t s  p l a n e  0 2  on l i n e  L R " ,  
p l a n e  o I on l i n e  t I ,  a n d  p l a n e  oc on l i n e  C I .  We w i l l  f i n d  t h e  
p r o j e c t i o n  o f  p o i n t  R '  on  p l a n e  02  b y  e x t e n d i n g  n o r m a l  CR' t o  i t s  
i n t e r s e c t i o n  w i t h  l i n e  L t  a t  p o i n t  R " .  A t  p o i n t s  R'  a n d  R" w e  w i l l  
b r i n g  t h e  n o r m a l s  t o  t h e  n o r m a l  b a s e  p l a n e  a n d  c a l l  them R ' K '  a n d  
R"K". 
d e v i a t e  f r o m  t h e  n o r m a l  R ' K '  b y  a n g l e  9;. We w i l l  c o n s t r u c t  a n  i m -  
a g e  o f  t h i s  l i n e  on p l a n e  0 2  i n  t h e  f o l l o w i n g  way.  L e t  u s  e x t e n d  
t h e  l i n e  O$R' on p l a n e  oy t o  i t s  i n t e r s e c t i o n  w i t h  l i n e  ii' a t  t h e  
p o i n t  i a n d  j o i n  t h i s  p o i n t  t o  t h e  p o i n t  C .  From p o i n t  R" on p l a n e  
0 2  l e t  u s  draw a l i n e  R"O; p a r a l l e l  t o  l i n e  C i .  The l i n e  R"O; 
f o r m s  a n g l e  @r w i t h  t h e  n o r m a l  R " K " ,  w h i c h  w i l l  b e  r e l a t i v e  t o  t h e  
p r o j e c t e d  a n g l e  $r a n d  ( i n  t h e  g e n e r a l  c a s e )  n o t  e q u a l  t o  i t .  

r;, 

L e t  t h e  o p t i c a l  a x i s  R'O;  a t  t h e  r i g h t - h a n d  s t a n d p o i n t  R '  

We c a n  t h e n  w r i t e  
6 = ( I r - $ , : .  

9 
More- 

$ '  

From 

L e t  u s  c o n n e c t  t h e  p o i n t  i t o  p o i n t  t ,  s o  t h a t  a n g l e  t i l  = 9 
o v e r ,  a n g l e  C i I  w i l l  a l s o  b e  e q u a l  t o  a n g l e  4 . We c a n  r e a d i l y  s e e  
t h a t  a n g l e  R ' i I =  I$;, s i n c e  t h e s e  a n g l e s  a r e  c o r r e s p o n d i n g .  
t r i a n g l e  R ' t i  w e  h a v e  

P 

o r  

c o s  4;. R ' t  s i n  6 = - 9 ti 
One c a n  f i n e  t h e  v a l u e  ti f r o m  t h e  t r i a n g l e  t I i ;  

R 
s i n y ' s i n ( 9 ;  t 6 $ ) '  ti = 

Moreover  , w e  c a n  w r i t e  

Y' R ' t  = R t a n  - 2 '  ( 2 0 )  
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S u b s t i t u t i n g  ( 1 9 )  a n d  ( 2 0 )  i n t o  (181, w e  g e t  

A f t e r  some c o n v e r s i o n s  w e  g e t  

s i n  y' ( s i n  9; + c o s  9; t a n  6 ) c o s  9,. ( 2 2 )  t a n  6 = t a n  - Y' 
9 9 2 

N o t i c i n g  t h a t  
r 

' ' s i n  y f  = 2 s i n 2  L- t a n  - 2 ( 2 3 )  2 '  

w e  g e t  t h e  s t r i c t  f o r m u l a  f o r  t h e  d e v i a t i o n  o f  a n g l e s  o f  i n c l i n a t i o n  
o f  t h e  r i g h t - h a n d  o p t i c a l  a x i s  f r o m  t h e  n o r m a l  t o  t h e  b a s e  o f  t h e  
p h o t o g r a p h i c  a p p a r a t u s  w i t h  t h e i r  p r o j e c t i o n  on t h e  p l a n e  o f  t h e  
h o r i z o n  o f  t h e  l e f t - h a n d  s t a n d p o i n t :  

One c a n  p r e s e n t  a s i m p l i f i e d  f o r m u l a  f o r  c a l c u l a t i o n s  i n  t h e  f o l -  
l o w i n g  way:  

An a n a l y s i s  o f  f o r m u l a  ( 2 5 )  w i l l  show t h a t  maximum d e v i a t i o n  
w i l l  b e  a t  t h e  a n g l e  +;, e q u a l  t o  4 5 O  or 135O,  s o  t h a t  

Wi th  y f m a X  = 5 3 '  - 6 
case o f  a p h o t o g r a p h ,  

= 1 2 " .  Wi th  9; = 0 ,  ; . e .  i n  t h e  n o r m a l  
9 tax= 0 .  

9 
With  s m a l l  a n g l e s  o f  i n c l i n a t i o n  on t h e  o r d e r  o f  9; = 3O, t h e  

v a l u e  o f  d e v i a t i o n  i s  6 = 0 . 0 7 " .  
9 

T h i s  a n a l y s i s  shows t h a t  s m a l l  a n g l e s  o f  i n c l i n a t i o n ,  t h e  d e -  
g r e e  o f  d e v i a t i o n  d o e s  n o t  h a v e  t o  b e  t a k e n  i n t o  a c c o u n t .  A t  l a r g e  
a n g l e s  o f  i n c l i n a t i o n ,  o n e  m u s t  make a c o r r e c t i o n  i n  t h e  d i r e c t i o n  
o f  t h e  o p t i c a l  a x i s  o f  t h e  r i g h t - h a n d  camera.  

A s  a r e s u l t  o f  t h i s  t h e o r e t i c a l  r e s e a r c h ,  o n e  c a n  c o n c l u d e  
t h a t  f o r m u l a s  ( 2 )  a n d  ( 3 )  c a n  b e  u s e d  s u c c e s s f u l l y  f o r  d e t e r m i n i n g  
t h e  p a r a m e t e r s  o f  n o c t i l u c e n t  c l o u d s .  

C A L C U L A T I O N  A N D  D E T E R M I N A T I O N  O F  P A R A M E T E R S  O F  S T E R E O P H O T O G R A P H S  

I n  a c c o r d a n c e  w i t h  t h e  t h e o r e t i c a l  a s p e c t s  o f  t h e  m e t h o d ,  i n  
1 9 6 4 ,  t h e  Moscow I n s t i t u t e  o f  E n g i n e e r s  i n  G e o d e s y ,  A e r i a l  P h o t o -  
g r a p h y ,  a n d  C a r t o g r a p h y  ( M i n i s t r y  o f  H i g h e r  a n d  M i d d l e  S p e c i a l  
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Education of the Russian Soviet Federal Socialist Republic) together 
with the Institute of Physics and Astronomy (Academy of Sciences of 
the Estonian S.S.R.) conducted a stereophotogrammetrical survey of /41 
noctilucent clouds. In selecting the photographing-stations the 
researchers were influenced by the following considerations: 

- 

1) The length of the photographing base must correspond to 
the given accuracy of determination of the coordinates of the fur- 
thest points of the field of noctilucent clouds; 

2 )  The direction of the base of the photograph must provide 
for maximum coverage of the zone of the occurrence of noctilucent 
clouds ; 

3) At each end of the base, there must be a good view of the 
horizon in the direction of the photograph; 

4) The presence of clear in- 
dicators along the line of the 
horizon, which can b e  u s e d  for 
checking the directions of the op- 
tical axes of the cameras; 

5 )  Direct telephone and ra- 
dio communication between the ends 
of the base; 

6) Reliable security of the 
photographic apparatus and its 
protection from unfavorable wea- 
ther conditions; Fig. 4. Diagram of the Loca- 

tion of the Photographing Base. 
7 )  The presence of power 

supplies for operating the apparatus. 

In carrying out the photographic survey in 1964, all the given 
requirements were fulfilled, although the fulfillment of conditions 
for point 5 encountered a great many difficulties. 

The connection between the points was set up with considerable 
delay, and it operated intermittently. As a result, some noteworthy 
occurrences of noctilucent clouds were missed. 

A calculation of the length of the base from which the photo- 
graphs are taken is made on the basis of a relation given by formu- 
la ( 2 ) :  

?. 
b =YL"P 

With y = 5 0 0  km., m p  = k O . 0 5  mm.:Y; ='lo0 mm: 

75 km. 5 0 0 * 5 0 0 - 1 0 * 5  m A=- ' b =  
y 1000' 1*100~100 
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However ,  c o n s i d e r i n g  t h a t  c l o u d s  o v e r  t h e  t e r r i t o r y  o f  t h e  E s t o n i a n  
SSR. c a n  a p p e a r  v e r y  c l o s e  t o  t h e  z e n i t h ,  i . e .  a t  d i s t a n c e s  o f ,  f o r  
e x a m p l e ,  ymi 
p h y s i o l o g i c a ! ?  c o n d i t i o n s  o f  s t e r e o s c o p y  , t h e  v a l u e  o f  t h e  b a s e  w a s  
t a k e n  as  e q u a l  t o  

= 200 k m . ,  a n d  t h a t  bmax - /4. i s  l i m i t e d  b y  t h e  - Ymin 

200 - b = - - 5 0  km.  
4 

S i n c e  t h e  c l o u d s  a p p e a r  i n  t h e  z o n e  o f  t h e  c r e p u s c u l a r  s e g m e n t ,  
i . e . . i n  t h e  n o r t h e r n  p a r t  o f  t h e  s k y ,  t h e  d i r e c t i o n  o f  t h e  b a s e  
mus t  b e  l o c a t e d  p a r a l l e l  t o  t h e  l i n e s  o f  l a t i t u d e .  T h e s e  c o n d i t i o n s  
were s a t i s f i e d  by  two p o i n t s ,  t h e  c i t y  o f  V i l j a n d i  a n d  t h e  T y r a v e r e  
O b s e r v a t o r y .  A d i a g r a m  o f  t h e  p o s i t i o n  o f  t h e  b a s e  i s  shown i n  
F i g u r e  4 .  

To d e t e r m i n e  t h e  d i m e n s i o n s  o f  t h e  b a s e  f r o m  w h i c h  t h e  p i c t u r e s  
w e r e  t a k e n ,  a n d  a l s o  o f  t h e  d i r e c t i o n s  o f  t h e  o p t i c a l  a x e s ,  g e o d e s i c  
c o n n e c t i o n s  o f  t h e  e n d s  o f  t h e  b a s e  t o  t h e  p o i n t s  o f  t r i a n g u l a t i o n  
w e r e  made.  

A s  a r e s u l t  o f  t h e  f i e l d  a n d  camera  g e o d e s i c  o p e r a t i o n s ,  t h e  
f o l l o w i n g  p a r a m e t e r s  o f  t h e  p h o t o g r a p h  w e r e  o b t a i n e d .  

The l e n g t h  o f  t h e  b a s e  b 52012 m e t e r s .  The a z i m u t h s  o f  t h e  / 4 2  
v 

= 282O 2 8 '  2 = 101O 4 4 ' 2 2 " ,  r e v e r s e  - Atr  b a s e  a r e :  d i r e c t  - 
38".  

F i g .  5 .  S t e r e o p a i r  N o .  1 4 :  N o c t i l u c e n t  C l o u d s ,  Taken  on A u g u s t  
2 ,  1 9 6 4 .  

1 2  



The a z i m u t h s  o f  t h e  o p t i c a l  a x e s  a r e :  

A o Z  = 11°24'20'' 

. = 11°49'11". 

The a n g l e s  o f  d e v i a t i o n  o f  t h e  o p t i c a l  a x e s  f r o m  t h e  n o r m a l s  
t o  t h e  b a s e  a r e :  

$z = + 0020'00", 

= + OO39'27''. +r 
The a n g l e  o f  c o n v e r g e n c e  o f  t h e  o p t i c a l  a x e s  

y = $r - $2 = + OO19'27''. 

The a n g l e s  o f  i n c l i n a t i o n  o f  t h e  o p t i c a l  a x e s  o f  t h e  c a m e r a s  
a r e  

w z  w = + 30°. r 

The t i l t  a n g l e s  a r e :  

k z  = k 0 0 .  r 
The l a t i t u d e  o f  t h e  l e f t - h a n d  s t a n d p o i n t  i s  

B = 58.4O. 

The l o n g i t u d e  o f  t h e  l e f t - h a n d  s t a n d p o i n t  

L = 25.6O. 

P H O T O G R A P H I C  A P P A R A T U S  

P r o c e e d i n g  f r o m  maximum c o v e r a g e  o f  t h e  g l o w i n g  s e c t o r  w i t h  
i d e n t i c a l  d i r e c t i o n s  o f  t h e  o p t i c a l  a x e s ,  two AFA-41/10 c a m e r a s  
w i t h  f o c a l  l e n g t h s  o f  98.64 a n d  98.92, r e s p e c t i v e l y ,  were c h o s e n .  

T h e s e  cameras a r e  c o m p l e t e l y  a u t o m a t i c  a n d  a r e  c o n t r o l l e d  r e -  
m o t e l y  f r o m  t h e  mas te r  i n s t r u m e n t s .  The c a m e r a s  were s u p p l i e d  w i t h  
MRO-2 o b j e c t i v e s ,  w i t h  a f o c a l  d i s t a n c e  o f  1 0 0  m m .  The r e l a t i v e  
a p e r t u r e  o f  t h e  o b j e c t i v e  i s  1:8. 

The a n g l e  f o r m e d  b y  t h e  f i e l d  o f  v i s i o n  w i t h  t h e  s i d e s  o f  a 
p h o t o g r a p h  m e a s u r i n g  18x18 cm. i s  e q u a l  t o  84O. The c o e f f i c i e n t  of 
t r a n s m i s s i v i t y  o f  t h e  o b j e c t i v e  i s  a t  l e a s t  0.65. The r e s o l v i n g  
power  o f  t h e  a e r i a l  camera i s  a t  l e a s t  37 l i n e s / m m  ( a t  t h e  e d g e s ,  
10 l i n e s / m m . ) .  

The camera w a s  s u p p l i e d  w i t h  t h e  f o l l o w i n g  l i g h t  f i l t e r s :  
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USS-18, OS-14,  KS-14,  a n d  c o l o r l e s s  g l a s s ;  t h e  l i g h t  f i l t e r s  were 
s u p p l i e d  w i t h  s h a d e s  f o r  a d j u s t i n g  t h e  e x p o s u r e .  

The s h u t t e r s  o f  t h e  cameras a r e  c e n t r a l ,  u s i n g  t h e  " V y e r t i y o r o k h "  
s y s t e m .  E f f e c t i v e  e x p o s u r e s  c a n  v a r y  w i t h i n  a r a n g e  o f  1 / 6 0  t o  1/ 
500 s e c .  However ,  c o n s i d e r i n g  t h e  low l u m i n o s i t y  o f  n o c t i l u c e n t  
c l o u d s ,  t h e  d r i v e  mechan i sm o f  t h e  s h u t t e r s  w a s  r e b u i l t  t o  i n c r e a s e  
t h e  e x p o s u r e s .  The s h u t t e r  i s  s w i t c h e d  on b y  a s p e c i a l  t o g g l e  ' 

s w i t c h .  The e l e c t r i c a l  i m p u l s e  l i g h t s  l a m p s  on  t h e  r e c o r d i n g  i n s t r u -  
m e n t s .  The f i l m  a d v a n c e s  a u t o m a t i c a l l y  e a c h  t i m e  t h e  s h u t t e r  c l o s e s .  
The f i l m  i s  h e l d  i n  p l a c e  b y  c l a m p i n g  t h e  l e v e l i n g  b o a r d  o f  t h e  ca r -  
t r i d g e  t o  t h e  p l a n e  o f  t h e  m o u n t i n g  f rame,  wh ich  w a s  moun ted  i n  t h e  
camera i n  t h e  f o r m  o f  a p i e c e  o f  a p l a n e - p a r a l l e l  g l a s s .  The g l a s s  
w a s  i n s e r t e d  f o r  c a l i b r a t i n g  t h e  o p t i c a l  s y s t e m  o f  t h e  camera.  I t s  
s u r f a c e  w a s  marked  a l l  o v e r  w i t h  s m a l l  c r o s s e s  a t  i n t e r v a l s  o f  1 0  
m m .  Knowing t h e  d i s t a n c e s  b e t w e e n  t h e s e  c r o s s e s ,  w e  c a n  a l l o w  f o r  
d i s t o r t i o n  o f  t h e  n e g a t i v e  m a t e r i a l  i n  p r o c e s s i n g  t h e  p h o t o g r a p h s .  

M o r e o v e r ,  t h e  c o o r d i n a t i n g  p o i n t s  a r e  shown on t h e  s i d e s  o f  
t h e  f r a m e ,  a n d  t h e  p o s i t i o n  o f  t h e  ma in  p o i n t  o f  t h e  c a m e r a  a p p e a r s  
i n  t h e  c e n t e r .  

I n  t h e  i n t e r v a l  b e t w e e n  c l o u d  p h o t o g r a p h s ,  a c l o c k  w i t h  a sweep 
s e c o n d  h a n d  i s  p h o t o g r a p h e d ;  w h i c h  a l l o w s  s y n c h r o n i z a t i o n  o f  p h o t o -  
g r a p h s ,  m e a s u r i n g  o f  p h o t o g r a p h s ,  f o c a l  d i s t a n c e ,  number o f  t h e  
c a m e r a ,  a n d  m a r k s  i n d i c a t i n g  t h e  b e g i n n i n g  o f  p h o t o g r a p h y  a n d  i n d i -  - / 4 3  
eating e v e r y  f i f t h  p i c t u r e ,  a s  w e l l  as  a n  a r row i n d i c a t i n g  t h e  
frame t o  w h i c h  t h e  i n d i c a t o r s  h a v e  a d v a n c e d .  Each c a m e r a  i s  e q u i p p e d  
w i t h  two f i l m  h o l d e r s .  The f i r s t  i s  a c a r t r i d g e  w i t h  a c a p a c i t y  o f  

6 0  meters  o f  f i l m ,  a n d  c a n  t a k e  2 7 0  p i c t u r e s ;  t h e  s e c o n d ,  w i t h  a 
c a p a c i t y  o f  1 2 0  m e t e r s  o f  f i l m ,  c a n  t a k e  a r o u n d  540 p i c t u r e s .  The 
f i l m  c a n  b e  u s e d  i n  p e r f o r a t e d  or u n p e r f o r a t e d  l e n g t h s  up  t o  a 
w i d t h  o f  1 9  c m .  The r e q u i r e d  s u p p l y  o f  d . c .  c u r r e n t  i s  2 7 + 1 0 %  v o l t s .  
The b a s e s  o f  t h e  cameras a l l o w  them t o  b e  t i l t e d  t o  a n y  a n g l e  of  
i n c l i n a t i o n  a n d  t u r n e d  a l o n g  t h e  a z i m u t h  a t  a n g l e s  o f  *loo f r o m  t h e  
o r i g i n a l  p o s i t i o n .  The l o w e r  h a l f  o f  t h e  s e t u p  i s  f a s t e n e d  on s u p -  
p o r t s  w h i c h  h a v e  f o u r  a d j u s t i n g  screws f o r  l e v e l i n g  t h e  c a m e r a  a n d  
f o r  e l i m i n a t i n g  t h e  t i l t  a n g l e ;  t h i s  i s  d o n e  w i t h  t h e  h e l p  o f  two 
m u t u a l l y  p e r p e n d i c u l a r  l e v e l s .  The l e v e l s  a r e  f a s t e n e d  t o  a s p e c i a l  
b a s e  w h i c h  i s  f i x e d  t o  t h e  body  o f  t h e  c a m e r a .  O r i e n t a t i o n  o f  t h e  
c a m e r a s  t o  t h e  a z i m u t h  i s  d o n e  w i t h  t h e  h e l p  o f  a s p e c i a l  o r i e n t i n g  
d e v i c e .  

P R O C E S S I N G  S T E R E O P H O T O G R A M M E T R I C A L  P I C T U R E S  
A N D  A N A L Y S I S  OF T H E  R E S U L T S  O B T A I N E D  

To p h o t o g r a p h  n o c t i l u c e n t  c l o u d s ,  w e  u s e d  " Izopankhrom"  f i l m ,  
Type  1 3 ,  w i t h  a s e n s i t i v i t y  o f  1 9 0 0  u n i t s  GOST-0.85, i s s u e d  i n  
March ,  1 9 6 4 .  The v a l u e  o f  t h e  e x p o s u r e  w a s  d e t e r m i n e d  e x p e r i m e n -  
t a l l y  a n d  w a s  c h a n g e d  d e p e n d i n g  on  t h e  s e t t i n g  a n g l e  o f  t h e  S u n ,  
v a r y i n g  f r o m  40 s e c .  t o  1 m i n .  
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We s u c c e e d e d  i n  o b t a i n i n g  t h e  f i r s t  s t e r e o p h o t o g r a m m e t r i c a l  
p i c t u r e s  o f  t h e  a p p e a r a n c e  o f  n o c t i l u c e n t  c l o u d s  on  A u g u s t  2 ,  1 9 6 4 .  

We o b t a i n e d  a t o t a l  o f  9 s t e r e o p a i r s  i n  a 5 - m i n u t e  i n t e r v a l .  

S t e r e o p a i r  No. 1 0  w a s  o b t a i n e d  a t  0245  s t a n d a r d  t i m e  a t  t = 1 
m i n ;  s t e r e o p a i r  No. 11 a t  0 2 5 0 ,  t = 1 m i n ;  s t e r e o p a i r  No. 1 2  a t  0 2 5 5 ,  
t = 50 s e c ;  s t e r e o p a i x ?  No. 1 3  a t  0 3 0 0 ,  t = 50 s e c ;  s t e r e o p a i r  No. 1 4  
a t  0 3 0 5 ,  t 50 s e c ;  s t e r e o p a i r  No. 1 6  a t  0315 a n d  s t e r e o p a i r  No. 
1 7  a t  0 3 2 0 ,  t = 40 s e c .  S t e r e o p a i r  No. 1 4  a p p e a r s  i n  F i g u r e  5 .  

F i g .  6 .  D iag ram o f  t h e  V e c t o r s  o f  t h e  Ra te  o f  Movement o f  D i s t a n t  
P o i n t s  i n  a F i e l d  o f  N o c t i l u c e n t  C l o u d s .  
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T A B L E :  C O M P O S I T E  T A B L E  OF D E T E R M I N A T I O N  OF P A R A M E T E R S  OF N O C T I -  
L U C E N T  C L O U D S  C O O R D I N A T E S  
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A measurement of the coordinates of the points of noctilucent /45 - clouds was performed on the stereocomparator with four-fold bin- 
ocular magnification. 

In all, 85 points in 7 stereopairs were measured. The pro- 
cessing was done according to formula (3). The spatial coordinates 
of these points are given in the table. 

Analyzing the given results of the parameters of noctilucent 
clouds, the following should be noted. 

The maximum distance of the points of occurrence of noctilu- 
cent clouds amounted to Ymax 613 km.; the minimum was Ymin = 450 
km; the length along the front could be measured only by the points 
arranged to the left of the optical axis. On the right of the op- 
tical axis, the image of the cloud showed no details at all, and 
it looked like a flare bright spot, which did not allow correspond- 
ing measurements to be carried out. Thus, the measured distance 
along the front was 270 km. As for height, the measured points 
oscillated from Hmax = 90.6 km to Hmin = 73.4 km. 

The accuracy of the results obtained is characterized by the 
following mean square errors of the coordinates determined: my = 
23 km; mx = fl km; mH = k O . 8  km. The speed rate of movement of the 
points on the noctilucent clouds is characterized by the values 
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shown in columns 6, 8, and 9 of the Table. The maximum rate of move- 
ment in the horizontal plane is Vrmax = 122 m/sec, Vrmin = 18 m/sec. 
The direction of horizontal variation is shown in Figure 6. The 
resultant direction of.the speed vector is A = 2 7 2 ° 4 5 ' 2 0 ' f ,  i.e. 
the cloud moved in a southwesterly direction. 

Besides horizontal deviation, the points have a vertical speed 
= 13 m./sec, Vgmin = 0. 'Bmax as well: 

From the sign of AH, we can also judge the direction of verti- 
cal speed. 

Our method makes it relatively simple to solve all problems 
connected with determination of the parameters of noctilucent clouds. 

The one drawback is the great volume of calculations. However, 
a program of computer calculation is now being worked out, so as 
not to limit the number of measured points in a field of noctilucent 
clouds. 

This fact also permits describing the photographed field with 
the help of isohypses. 

In conclusion, I wish to express my deep gratitude to C.I. 
Villmann for his great help in organizing and designing the experi- 
mental aspects of this method. I also express my appreciation to 
a student in the Department of Aeronautics at Moscow University, 
V.N. Shutov, and his collaborator at the Institute of Physics and 
Astronomy, Ya. F. Lokk, for active assistance in the photographic 
portion OF the work. 
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